Uso de farelo de mamona (Ricinus communis L.) como fonte de proteína na dieta de caprinos durante o período de monta: impacto sobre a resposta reprodutiva e metabólica
Introduction
Small farmers in Northeast Brazil have received strong incentives for social inclusion in the production of biodiesel from oilseeds, mainly in the semi-arid region. Therefore, in recent years, considerable efforts have been made at extending the use of the castor bean (Ricinus communis L.), due to its great edaphoclimatic adaptability. However, its use has generated several environmental concerns with respect to the fate of residues produced, due to the presence of potentially toxic compounds (EFSA, 2008) . Ricin is a toxin capable of inactivating protein synthesis in eukaryotic cells (AUDI et al., 2005) . In sheep, Aslani et al. (2007) found that feed containing castor bean residues caused cardiovascular, hepatic, and gastrointestinal alterations, followed by death. Despite the presence of ricin in castor meal, studies have demonstrated that this bioproduct has a high protein value (41%) and good ruminal degradability (MOREIRA et al., 2003) , which stimulates its use as an alternative dietary source for ruminants (DINIZ et al., 2011) . Therefore, it is necessary to adopt methods that promote the inactivation of ricin. Alkaline treatment is the most recommended method for this .
To date, majority of studies have evaluated the effect of castor meal as an alternative protein source for ruminants only with regard to nutritional and production performance aspects DINIZ et al., 2010) , but no study has investigated the effects of a long-term diet with castor meal on reproductive performance in goats. Therefore, the aim of the present study was to evaluate the effect of the total substitution of soybean meal with castor meal, detoxified or non-detoxified, on the response to estrous synchronization, conception rate, early fetal development, presence of IgG, and metabolic-hormonal response in goats during early pregnancy.
Material and Methods

Detoxification of castor bean and quantification of ricin
Castor meal was obtained from the factory BOM Brasil, located in Salvador, Bahia. Detoxification was carried out according to , with some modifications. Castor meal was added to a solution of calcium oxide (CaO) (1 kg per 9 L of water) at a proportion of 60 g CaO/kg castor meal. After standing overnight (12-18 h) , so that the detoxification process occurred, the treated material was dried for storage and later utilization. This technique was chosen because it was effective, simple, and easy to reproduce.
The absence of ricin after the detoxification process was verified by polyacrylamide gel electrophoresis in a 12% gel under non-denaturing conditions (native-PAGE), performed in a vertical mini-gel system with a Bio-Rad PowerPac Basic unit, where gels were stained with Coomassie Blue R250. Ricin was quantified by assaying the total proteins of samples of detoxified and non-detoxified castor meal following the method of Bradford (1976) with albumin serum bovine as the protein standard. Later, the image of the polyacrylamide gel was digitized in ImageScanner™ of GE Healthcare (compatible with ImageMaster software) and then analyzed by the program Image Master Platinum. The protein bands were quantified in volume units (area vs. intensity) following the method described by Meunier et al. (2005) .
Animals and experimental design
The experiment was conducted on Padre João Piamarta Farm, in Itaitinga-CE, located at 4° 01′ S and 38° 31′ W, during April-July. The area, characterized by a constant photoperiod regimen, has a warm, tropical, sub-humid climate with a mean annual rainfall of 1,416.4 mm and temperature of 26-28°C, with two distinct seasons: rainy from January to May and dry from June to December Sixty mixed-breed, cyclical, pluriparous goats were assigned into three homogeneous lots (n = 20) (mean ± SEM) considering weight (33.34 ± 1.05 kg), body condition (2.34 ± 0.09) and age (27.88 ± 0.95 months). Goats were kept in two pens separated by a central feed alley where they received mineral salt and water ad libitum. Each pen measured 40 × 50 m and contained a 40 × 3 m open front shelter. The feed alley and the front shelter were clay with concrete and faced in an east-west direction. Goats were submitted to 30 days of housing adaptation. During this period, internal and external parasite treatment and control of ovary function by ultrasonography was performed.
The female goats received three different diets composed of mixtures of guinea grass hay (Panicum maximum cv. Mombasa) and isoenergetic and isonitrogenous concentrates with different sources of nitrogen (Table 1 and 2): soybean meal (WCM), detoxified castor meal (DCM), or castor meal (CM). The formulation of diets was based on the nutritional requirements of mating and early pregnancy (NRC, 2007) and had the same concentrate:roughage ratio (30:70). The diets were provided twice a day (07:00 and 15:00) from 9 days before estrous synchronization up to the 60th day of pregnancy ( Figure 1 ). Figure 1 . Protocol for oestrus synchronization and blood sample collection to measure P 4 , IgG and metabolites levels in goats fed without castor cake, with castor cake and detoxified castor cake. PGF 2α : prostaglandin; P 4 : progesterone. Figure 1 . Protocol for oestrus synchronization and blood sample collection to measure P 4 , IgG and metabolites levels in goats fed without castor cake, with castor cake and detoxified castor cake. PGF 2α : prostaglandin; P 4 : progesterone.
Estrous was induced in all females using an intravaginal device (Controlled Internal Drug Release device, CIDR ® ) impregnated with 0.33 g P 4 (Eazi-Breed CIDR ® , InterAg, Hamilton, New Zealand), which was put in place for 5 days. Upon removal of the CIDR, the goats received an application of 1 mL of prostaglandin F2α (Lutalyse ® , Pfizer, Kalamazoo, USA), as described by Silva et al. (2011a) . Next, males of proven fertility and marked in the sternal region were placed together with the females for a period of 72 h, allowing the mated females to be identified by the presence of the marker paint in the region of the croup.
Western blotting
The presence of IgG was assayed by western blotting according to Furtado et al. (2011) , with some modifications. It utilized 12% polyacrylamide gel run under non-denaturing conditions with samples of crude extracts of detoxified and nondetoxified castor meal. Proteins in the gel were transferred to a nitrocellulose membrane using the semi-dry transfer system, utilizing transfer buffer and the application of 38 mA and 38 V for 2 h. After transfer, the membrane was blocked with 5% Molico ® (Nestlé) in PBS and the primary antibody (goat plasma of females fed with detoxified or nondetoxified castor meal) was added. The membrane was then incubated in a humid chamber for 2 h at 37 °C and washed 4 times for 15 min with Molico ® solution. Then, a secondary antibody (anti-goat IgG peroxidase conjugated, diluted 1:5000) was added, and the membrane was again incubated under the same conditions. After the incubation period, the membrane was washed twice with Molico ® solution, once with PBS, and finally with water. Color development was performed with 30% hydrogen peroxide, nickel chloride, and Tris-HCl buffer, pH 7.2. The blood samples were collected before (Day 0) and on days 15, 25, and 35 after the feeding period ( Figure 1 ).
Blood sampling, liver enzymes, and urea and progesterone assays
Blood samples were collected on days −15, 0, 10, 20, 30, 40, 50, and 60 after mating for the determination of metabolites in heparinized tubes by jugular venipuncture (Figure 1 ). Blood was centrifuged at 3000 rpm for 15 min, and the plasma obtained was frozen at −20 °C until analysis. Plasma concentrations of urea, lactate dehydrogenase (LDH), aspartate aminotransferase (AST), and gamma glutamyltransferase (GGT) were determined by spectrophotometric assays in an automated biochemical analyzer (Konelab, Wiener ® ), utilizing commercial kits (Wiener Laboratorios, Rosario, Argentina). In addition, upon removal of the CIDR ® (day 0) and on days 4, 8 12, 16, and 20 after removal of the device, blood samples were collected for P 4 determination ( Figure 1 ) by microparticle enzyme immunoassay (MEIA) (Abbott Diagnostics AxSYM ® SYSTEM) using a commercial kit (Axsym P 4 , Abbott Japan Co., Ltd, Tokyo 106-8535 Japan). The sensitivity of the test was 0.2 ng/mL, and the intra-and interassay coefficients of variation were 7.9% and 3.3%, respectively.
Embryonic and fetal measurements
Diagnosis of pregnancy and the determination of the number of fetuses and of embryonic/ fetal development was carried out by real-time ultrasonography (Chisson D600 VET, Chisson Medical Imaging Co. Ltd., China) utilizing a linear transrectal transducer of 3.5-5.0 MHz. The fetal measurements in goats fed WCM (n = 18), DCM (n = 20) and CM (n = 20) were performed every five days. The following parameters were evaluated according to methods proposed by Santos et al. (2004) : vesicle diameter (VD), from the 25th to 45th day of pregnancy; crown-rump length (CRL), from the 30th to 50th day of pregnancy; and biparietal diameter (BPD) and abdominal diameter (AD), from the 40th to 60th day of pregnancy. Thoracic diameter (TD) was determined from the 45th to 60th day of pregnancy according to Lee et al. (2005) .
For the measurement of structures of interest, ultrasonography examinations were recorded in the form of videos, followed by the capture and measure of at least three images of each structure and measurement using the previously calibrated Image J program (Image J, National Institutes of Health, Millersville, USA). In twin pregnancy, the mean of the two embryos/fetuses was considered, following the method described by Bulnes, Moreno and Sebastián (1998) . The measurements were used to calculate the daily rates of embryonic/fetal growth (mm/day).
Statistical analysis
The data were analyzed utilizing PROC GLM in the statistical program SAS (SAS, Inc., Cary, NC, USA). For the liver and kidney parameters, P 4 , and embryonic/fetal growth, the factors tested were diet (WCM, DCM, and CM), type of pregnancy (single or multiple births), time (time of measurement/ sampling), and interactions of diet vs. pregnancy and diet vs. time. For metabolites in non-pregnant goats, the factors tested were diet and type of pregnancy diagnosis (pregnant or non-pregnant) and interaction. For progesterone concentration measured at CIDR removal, the effect used in the model was diet. The comparison between the means was analyzed by the Duncan test or Student t-test according to the number of treatments. For the variables with non-parametric distribution, the effect of diet was determined using PROC NPAR1WAY of SAS, and the frequencies using the chi-squared test. The values were expressed as the mean ± standard error of the mean and the numeric variables as the percentage or frequency.
Results
Electrophoresis showed the absence of ricin in castor meal after detoxification. Non-detoxified castor meal was found to contain ricin at 50 mg/kg residue. At the beginning of the experimental period (Day −15), IgG was not detected in any group. However, after 15 days of experimental feeding, a positive immunological response was observed only in goats fed CM. In this group, the quantity of ricin supplied was approximately 34.01 g/day/ animal, equivalent to 0.043 mg/kg live weight.
There was no effect of type of diet (p > 0.05) on the plasma concentration of P 4 on the day of CIDR removal, number of goats in estrous, rate of multiple-birth pregnancy, or total conception rate (Table 3 ). Plasma P 4 levels increased (p < 0.001) at the measurement time evaluated (Figure 2) , and were higher than 3 ng/mL in all groups evaluated eight days after the intravaginal device removal. In goats with multiple-birth pregnancy, the plasma level of this hormone was higher than in goats with single-birth pregnancy (6.34 ± 0.38 ng/mL vs. 4.53 ± 0.25 ng/mL; p < 0.001). Besides, there was observed an effect of type of diet (p < 0.01) on plasma P 4 levels in goats with multiple-birth pregnancy, where the DCM group had higher levels than the WCM group (7.18 ± 0.77 ng/mL vs. 5.87 ± 0.53 ng/mL; p < 0.05).
The data relative to the parameters of embryonic/ fetal development (Table 4 ) demonstrated, in all diets and in both types of pregnancy, a significant increase in fetal growth (p < 0.001) during the time interval recorded. However, there were no differences between the types of diets (p > 0.05).
With regard to the main liver and kidney function parameters in pregnant goats (Figure 3) , an effect of diet was observed (p < 0.001) on plasma urea levels in multiple-birth pregnancy, GGT in single-birth pregnancy, and LDH in both types of pregnancy. The WCM group showed higher mean urea levels (28.70 ± 1.07 mg/dL) compared to the other diets (DCM 22.67 ± 1.31; CM 22.92 ± 0.99; p < 0.001). For GGT, goats fed CM showed higher mean concentrations (50.82 ± 1.41 IU/L) (WCM 43.48 ± 1.25; DCM 39.50 ± 0.80; p < 0.001). Moreover, LDH (IU/L) in goats with single-birth pregnancy increased in the WCM group (WCM 736.88 ± 36.03 vs. DCM 625.50 ± 24.01 vs. CM 600.73 ± 21.32; p < 0.001), whereas in multiple-birth pregnancy, the CM group displayed lower levels of this parameter (CM 471.07 ± 23.36 vs. WCM 616.67 ± 28.45 vs. DCM 631.00 ± 23.03; p < 0.001). A decrease with time was observed (p < 0.05) for the plasma levels of urea and LDH in both types of pregnancy (Figure 3 ). In the goats with a negative pregnancy diagnosis, no significant differences were found for liver and kidney function parameters (GGT, AST, LDH, and urea) between the types of diets ( Table 5 ). The levels of these parameters were also compared between non-pregnant and pregnant goats within each type of diet (Table 5 ). There was an increase in the urea levels in all types of diets and LDH in the WCM group, but GGT levels decreased in the WCM and CM groups in non-pregnant goats (p > 0.05). 
Discussion
Many studies have demonstrated the efficacy of different physical and chemical methods for the detoxification of castor bean meal (ANANDAN et al., 2005) . Recently, the EMBRAPA (2010) was successful in the detoxification of castor bean meal after autoclaving or treatment with sodium hydroxide for feeding small ruminants. In another study, showed that it is possible efficiently detoxify castor seed meal with calcium oxide, obtaining a safe product for feeding to ruminants. In addition, the Department of Science and Food Technology, in partnership with Department of Agricultural Economics of the Federal University of Viçosa (LUANA, 2009), after a careful cost analysis, found that the detoxification of the by-products of castor oil using calcium oxide is effective and economically viable for small producers. Therefore, because of the simplicity, practicability, and economic viability of the use of calcium to detoxify castor meal, we believe that this method is more suitable for farm application.
The immunological response resulting from the ingestion of castor meal was determined by the detection of ricin-specific IgG by Western blotting. After Day 15 of experimental feeding, the specific IgG protein was detected only in goats that received non-detoxified castor meal. These results demonstrated that the ingestion of non-detoxified castor meal induced a humoral response, probably through the production of antibodies against ricin and/or ricinin. Thus, it can be inferred that the presence of IgG is a good indicator of the magnitude of the immunological response to non-detoxified castor meal. Besides, IgG normally appears after a prolonged exposure to the antigen (ZANIN; MARCHINI; CARVALHO, 2002) .
In the present study, no effect of diet was observed on the response to estrous synchronization, levels of P 4 at the time of CIDR removal, conception rate, or twinning rate in adult goats. These findings demonstrate that the total substitution of soybean meal with detoxified or non-detoxified castor meal does not reduce the reproductive performance of goats. In previous studies by our group, we observed that the inclusion of 50% cashew bagasse in the diet of sheep during the post-partum period also did not influence the response to estrous synchronization (RODRIGUES et al., 2011) . Thus, it is believed that the expression of estrous is directly related to the levels of the animal's body reserves (SILVA et al., 2011a) , but not to the intake of alternative dietary sources. Besides, studies with goats (OLIVEIRA; GUIDO; LIMA, 2001) and cows (FLORES et al., 2006) demonstrated that the utilization of CIDR in estrous synchronization protocols is a highly efficient treatment.
During the monitoring period (4-20 days after mating), independent of the type of diet, plasma P 4 levels increased in pregnant goats with single or multiple births. These results demonstrated that the corpus luteum was functional, producing adequate concentrations of P 4 during the period of embryonic implantation. These observations are in accordance with the findings of Kerbler et al. (1997) , who reported that the luteal secretion of P 4 is essential for the production of oocytes of good quality, as well as for embryonic survival in sheep. In addition, P 4 levels have been successfully utilized for the evaluation of ovarian function in goats (SILVA et al., 2011a) and sheep (RODRIGUES et al., 2011) .
In the present study, type of diet (WCM, DCM, or CM) had no effect on the embryonic/early fetal growth of goats. These results can be explained by the capacity of ruminal microbiota to partially or totally neutralize the toxic compounds (ricin and/ or ricinin) present in castor meal DINIZ et al., 2010) . In agreement with EFSA (2008), well-adapted ruminants can tolerate moderate levels of ricin over long periods of exposure without substantial impact on reproductive performance. In another study, Barros et al. (2011) reported that the substitution of soybean meal with castor meal treated with calcium oxide did not affect production performance in Nelore heifers. Thus, it can be inferred that the addition of castor meal, detoxified or not, to the diet of goats does not affect early fetal development.
The plasma levels of urea with all types of diets and of LDH in the WCM group were higher in nonpregnant goats than pregnant goats. However, urea and LDH levels in both pregnant and non-pregnant goats tended to decrease over time regardless of the type of diet. In pregnant goats, there was a significant decrease in urea and LDH levels in goats fed DCM and CM, while GGT levels increased only in females fed with CM when compared to goats fed WCM. These results are not in agreement with Silva et al. (2010) , who reported that plasma urea levels in sheep with detoxified castor meal were unaltered by the end of the supplementation. In another study, also did not observe alterations in plasma levels of ALT and AST in sheep fed or castor meal detoxified for 21 days. In the present study, despite variation in the levels of urea, LDH, and GGT in goats fed CM, the levels of these physiologic parameters are in agreement with the literature for goats (SMITH; SHERMAN, 2009 ).
The information currently available does not allow conclusive inferences about the possible interference of detoxified castor bean meal on nutritional metabolism. Some studies have shown that detoxified castor meal can totally replace (100%) soybean meal without causing changes in carcass characteristics in bovine (DINIZ et al., 2011) and ovine (VIEIRA; CÂNDIDO; BOMFIM, 2010), liver function , or plasma levels of urea, hemoglobin, total protein, glucose, AST, ALT, and calcium (MENEZES et al., 2012) . However, the use of detoxified castor bean meal in place of soybean meal can negatively affect some productivity parameters. Cobianchi et al. (2012) observed that the substitution of 0.67 kg/ kg of soybean meal by detoxified castor bean meal with calcium oxide reduced production and milk composition in cows with daily production of 20 kg. In another study, Pompeu et al. (2012) found that every 1% replacement of soybean meal by castor bean meal was estimated to decrease average daily weight gain by 0.62 g/day. Additionally, Silva et al. (2011b) reported that replacing more than 67% of soybean meal by detoxified castor bean meal reduced the digestibility of dry matter, organic matter, crude protein, and total carbohydrates in finishing animals. On the basis of these results, it is plausible to hypothesize that the discrepancy between the studies found in the literature may be related to differences in species, experimental conditions, and different periods evaluated, making it difficult to compare results obtained by different research groups. Thus, additional studies using more robust techniques are needed to accurately assess the effect of the use of detoxified castor bean meal on ruminant metabolism.
Conclusions
The supplementation with castor meal before and after detoxification process did not affect the reproductive performance of goats, as well as the embryonic and early fetal development, and the blood metabolites. Therefore, detoxification process is not necessary when castor meal is included up to 15% in goat feeding during early pregnancy.
